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Abstract 

A multi-walled carbon nanotubes (MWNTs)-dihexadecyl hydrogen phosphate (DHP) film-coated glassy carbon electrode (GCE) was 
fabricated, and the voltammetric determination method of diclofenac sodium was investigated on this modified electrode by using different kinds 
of electrochemical techniques. The results showed that this nano-structured film electrode exhibits excellent enhancement effects on the 
electrochemical oxidation of diclofenac sodium. The oxidation peak current of diclofenac sodium at this film-modified electrode increased 
significantly compared with that at a bare glassy carbon electrode. Based on the experiment outcomes a possible mechanism was proposed and 
discussed. The proposed method was demonstrated by using diclofenac sodium tablets and the result was satisfying. 

© 2006 Elsevier B.V. All rights reserved. 
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1. Introduction 

In the last decades, nanoparticle research has witnessed 
tremendous interest in nanoscience and nanotechnology. As a 
kind of nonmetal particle, carbon nanotubes (CNTs) have 
become promising candidates of intense researches because of 
their structural, mechanical and electronic properties in a wide 
range of applications. The publication of numerous works 
shows the significance of CNTs in electrochemistry and elec- 
troanalytical chemistry. Recent studies demonstrated that CNT 
can enhance the electrochemical reactivity of important bio¬ 
molecules [1,2], and can promote the electron-transfer reactions 
of proteins (including those where the redox center is embedded 
deep within the glycoprotein shell) [3,4]. In addition to en¬ 
hanced electrochemical reactivity, CNT-modified electrodes 
have been shown useful to accumulate important biomolecules 
(e.g., nucleic acids) [5] and to alleviate surface fouling effects 
(such as those involved in the NADH oxidation process) [2]. 
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The remarkable sensitivity of CNT conductivity to the surface 
adsorbates permits the use of CNT as highly sensitive nanoscale 
sensors [6-13]. 

Diclofenac sodium (DFNa) (sodium [o-(2, 6-dichloroani- 
lino) phenyl] acetate) shown in Fig. 1 is a well-known repre¬ 
sentative of non-steroidal anti-inflammatory drugs (NSAIDs) 
with strong anti-pyretic, analgesic and anti-inflammatory prop¬ 
erties [14]. It is widely used in clinical medicine for the treat¬ 
ment of inflammatory conditions such as rheumatoid arthritis, 
osteoarthritis and ankylosing spondilytis [15,16]. To date, many 
means have been employed for the determination of diclofenac 
sodium, such as capillary zone electrophoresis (CZE) [17], high 
performance liquid chromatography (HPLC) [18], high-perfor¬ 
mance liquid chromatography-mass spectrometry (HPLC-MS) 
[19], spectrophotometric [20], spectrofluorometric [21], thin- 
layer chromatography [22,23], gas chromatography [24,25], 
and polarographic analysis [26]. To the best of our knowledge, 
very little has been reported on voltammetric determination of 
diclofenac sodium, because the electrooxidation of diclofenac 
sodium proceeded very slowly and almost no current response 
was observed at the usual electrode. In this work, a multi-walled 
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Fig. 1. Chemical structure of diclofenac sodium. 


carbon nanotubes (MWNTs)-dihexadecyl hydrogen phosphate 
(DHP) film coated glassy carbon electrode (GCE) for the de¬ 
termination of diclofenac sodium was structured. MWNTs 
consist of several layers of cylindrical graphitic sheets with 
nanometer diameter, which are one of distinct types of carbon 
nano tubes (CNTs) structures. The enhanced electrooxidation 
and voltammetry of diclofenac sodium at the surface of 
MWNTs-DHP film coated GCE in sodium acetate-acetic acid 
buffer solution (pH 5.0) was attributed to the unique properties 
of MWNTs such as large specific surface area and strong 
adsorptive properties providing more reaction sites. The pro¬ 
posed method was successfully applied to determine diclofenac 
sodium in diclofenac sodium enteric-coated tablets. 

2. Experimental 

2.1. Apparatus and reagents 

Dihexadecyl hydrogen phosphate (DHP) was gotten from 
Fluka Chemical Reagent Corporation and stored at -18 °C. 
MWNTs (obtained from the Institute of Nanometer Materials, 
Central China Normal University, China) were synthesized by a 
catalytic pyrolysis method and then refluxed slightly in HN0 3 
for 48 h (95 °C) in order to get purified and oxidized MWNTs. 
Nitric acid purified MWNTs containing large numbers of 
carboxyl or other oxygenic groups at their terminus are easily 
dispersed. Diclofenac sodium (DFNa) was purchased from the 
National Institute for the Control of Pharmaceutical and 
Biological Products, China. After the torrefaction at 105 °C 
for 3 h diclofenac sodium (DFNa) was dissolved in doubly 
distilled water to form a stock solution at a concentration of 
1.0x10” 2 mol/F. The sample solution was prepared by dis¬ 
solving 25 mg diclofenac sodium enteric-coated tablets in 
250 mL doubly distilled water and separated via centrifugal 
effect. The supernatant fractions were collected for determina¬ 
tion. Other chemicals used were analytical reagents. All the 
chemicals were used without further purification and all the 
solutions were prepared with doubly distilled water. 

All the electrochemical measurements were performed on a 
CHI 830 electrochemical analyzer (Shanghai Chenhua Co., 
China) in a three-electrode system. The working electrode was a 
MWNTs film coated glassy carbon electrode (GCE). A Pt wire 
and a saturated calomel electrode (SCE) were used as the 
counter and reference electrodes, respectively. Ultraviolet 
(UV)-visible absorption spectroscopy was recorded on a UV- 
7502PC spectrophotometer (Shanghai Xinmao Instrument Co. 
Ltd., China). 


2.2. Preparation of the MWNTs-DHP film coated GCE 

5 mg nitric acid-treated MWNTs and 5 mg DHP were 
dispersed together in 5 mL redistilled water to give a 1 mg/mL 
black MWNTs-DHP suspension with the aid of ultrasonic 
agitation for about 40 min. Prior to modification, the GCE 
(A = 0.072 cm 2 ) was mechanically polished with a polishing 
microcloth containing 0.05 pm A1 2 0 3 slurry to a mirror finish, 
and then carefully cleaned in 1:1 HN0 3 -H 2 0 (v/v) and ethanol 
(C 2 H 5 OH), water in turn via ultra-sonication each for 2 min, and 
finally allowed to be aired. Finally, 10 pL of the MWNTs-DHP 
suspension was cast on the GCE surface and air dried. Then a 
stable and uniform MWNTs-DHP film was formed. In the same 
way, acetylene black (AB)-DHP film coated GCE and DHP 
film without MWNTs coated GCE was obtained. 

2.3. Experiment in details 

A certain volume of 0.1 mol/L sodium acetate-acetic acid 
buffer solution (pH 5.0) was used as the supporting electrolyte 
in a conventional electrochemical cell. At the beginning of 
experiment, MWNTs-DHP film coated GCE was scanned by 
successive cyclic voltammetric sweeps between 0.40 V and 
1.10 Vat 100 mV/s to get a steady cyclic voltammograms. Then 
50 pL of 1.0 x 10” 2 mol/L diclofenac sodium stock solutions 
was placed into the cell to make up 10 mL mixture solution. The 
accumulation was carried out at open circuit via stirring the 
solution for 4 min, and then kept quiet for 8 s. The voltam¬ 
mograms were recorded using a cyclic potential scan between 
0.40 V and 1.10 V. After each measurement the modified 
electrode was refreshed by successive cyclic voltammetric 
sweeps in 0.1 mol/L sodium acetate-acetic acid buffer solution 
(pH 5.0) (between 0.0 V and 1.0 V at 100 mV/s) to get a 
reproducible electrode surface. 

3. Results and discussion 

3.1. The enhanced voltammetric behaviors of diclofenac 
sodium at MWNTs-DHP sensing film 

The electrochemical oxidation of 5.0 x 10” 5 mol/L diclofe¬ 
nac sodium at the MWNTs-DHP film coated GCE in 0.1 mol/L 
sodium acetate-acetic acid buffer solution (pH 5.0) were 
examined by cycle voltammetry (CV) between 0.40 V and 
1.10 V. The cyclic voltammograms are illustrated in Fig. 2. A 
well-defined oxidation peak is observed at about 0.69 V when 
potential sweeps from 0.40 V to 1.10 V in the first cyclic sweep. 
It may be due to oxidation or disassembly of aniline group in 
diclofenac molecules. However, no peak appears on the reversal 
sweep, indicating that the electrochemical behaviors of 
diclofenac sodium at the MWNTs-DHP film coated GCE are 
a totally irreversible process. During following successive cy¬ 
clic sweeps, the electrochemical responses of diclofenac sodium 
become very poor, resulting from the fact that the electrode 
surface is blocked by the strong adsorption of the reaction 
products which reduces the effective reaction sites at the 
modified electrode surface. 
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E / V (vs. SCE) 

Fig. 2. Successive cyclic voltammograms of 5.0 x 10” 5 mol/L diclofenac sodium 
in 0.1 mol/L sodium acetate-acetic acid buffer solution (pH 5.0) at MWNTs- 
DHP film-coated GCE. Scan rate, 100 mV/s. 


In order to illuminate the enhancement properties of 
MWNTs-DHP film at the GCE for the oxidation of diclofenac 
sodium, the linear sweep voltammetric responses of 5.Ox 
10” 5 mol/L diclofenac sodium are tested at different working 
electrodes including DHP film modified GCE (curve a in 
Fig. 3), bare GCE (curve b in Fig. 3), acetylene black (AB)- 
DHP film coated GCE (curve c in Fig. 3) and MWNTs-DHP 
film coated GCE (curve d in Fig. 3). The peak current of 
diclofenac sodium greatly increases at MWNTs-DHP film 
coated GCE (curve d in Fig. 3). It is believed that MWNTs show 
highly effective enhancement to diclofenac sodium oxidation 
because of its large specific surface area and subtle electrical 
properties, which provides enough effective reaction sites to 
increase the electron exchange rate. On the contrary, under the 
same experiment conditions and the peak current of diclofenac 
sodium almost disappear at DHP film modified GCE (curve a in 



Fig. 3. Linear sweep voltammetric responses of 5.0x10” 5 mol/L diclofenac 
sodium in 0.1 mol/L sodium acetate-acetic acid buffer solution (pH 5.0) at DHP 
film modified GCE (a), bare GCE (b), acetylene black (AB)-DHP film coated 
GCE (c) and MWNTs-DHP film coated GCE (d). Scan rate, 100 mV/s. 


Fig. 3) because the DHP film blocks the mass transport and 
electron transfer of diclofenac sodium. Similar results are 
obtained at bare GCE (curve b in Fig. 3). Compared to that at 
MWNTs-DHP film coated GCE (curve c in Fig. 3) the oxi¬ 
dation peak potential of diclofenac sodium shifts negatively at 
acetylene black (AB)-DHP film coated GCE, but the peak 
current is smaller than that. 

3.2. Effects of the amount of MWNTs on oxidation diclofenac 
sodium 

On the basis of above discussions, MWNTs can enhance the 
current responses of diclofenac sodium at the MWNTs-DHP 
film-coated GCE. So the amount of MWNTs can affect the 
oxidation current of diclofenac sodium in the nature of things. 
And then the relationship between the oxidation peak current 
and the film thickness determined by the amount of MWNTs- 
DHP dispersion on the GCE surface was estimated. The result 
was list in Fig. 4. In general, the oxidation peak current of 
diclofenac sodium increased quickly with the increase of the 
amount of MWNTs-DHP dispersion cast on the GCE surface in 
the range of volume from 0 to 8 pL. Further improving the 
amount of MWNTs-DHP dispersion, the peak current remained 
stable. As a result, 10 pL of 1 mg/mL MWNTs-DHP suspen¬ 
sion was suitable for the structure of MWNTs-DHP film 
electrode. 

3.3. Influences of supporting electrolyte on enhancement effects 
of MWNTs 

The conditions of the electrolyte, such as types of electrolyte, 
are a key factor that affects the electrochemical properties 
of MWNTs and state of target molecules, as well as the sensi¬ 
tivity of voltammetric determination of diclofenac sodium. The 
electrochemical responses of 5.0x10” 5 mol/L diclofenac so¬ 
dium at MWNTs-DHP film electrode in different supporting 



V/m L 


Fig. 4. Dependence of the peak current of 5.0 x 10” 5 mol/L diclofenac sodium on 
the amount of MWNTs-DHP dispersion on the GCE surface in 0.1 mol/L 
sodium acetate-acetic acid buffer solution (pH 5.0). 
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Table 1 

Influences of different buffer solution on the oxidation of 5.0 x 10 5 mol/L 
diclofenac sodium (n > 10) 


PBS, pH 

8.06 7.02 

6.00 

5.09 

4.07 

3.05 

2.08 

4 OjA) 

5.59 

11.72 

17.54 

25.85 

34.48 

40.09 

NaAc-HAc, pH 


6.22 

5.3 

5.0 

4.1 


4 (pA) 


11.50 

20.20 

27.18 

32.25 


Sodium citrate-HCl, pH 




4.02 


2.05 

4 (pa) 

Sodium citrate-NaOH, pH 

6.69 



17.78 


27.56 

4 (pa) 

Sodium tartrate-tartaric 

- 


4.2 

3.8 

3.0 

2.0 

acid, pH 

4 (pa) 



25.95 

29.34 

34.43 

40.03 


Borax-HCl, pH 8.13 7.6 

7 P QiA) - 4.06 

Borax-NaOH, pH 9.94 

Ip (HA) 

Accumulation time is 60 s. 

Scan rate: 100 mV/s. 

electrolytes were tested by cycle voltammetry (CV), including 
0.1 mol/L phosphate buffer solution (PBS, pH 4.5-8.0), sodium 
acetate-acetic acid buffer solution (NaAc-HAc, pH 3.5-5.6), 
sodium citrate-hydrochloric acid (HC1) buffer solution (pH 
1.0-4.0), sodium citrate-sodium hydroxide (NaOH) buffer 
solution (pH 5.0-7.0), sodium tartrate-tartaric acid buffer 
solution (pH 1.4-4.5), borax-hydrochloric acid buffer solution 
(pH 7.6-9.2), borax-sodium hydroxide buffer solution (pH 
9.2-12.3) and other different acids and alkalis or neutral solu¬ 
tion including HC10 4 (0.1 mol/L), H 2 S0 4 (0.05 mol/L), HC1 
(0.1 mol/L), HAc (0.1 mol/L), KC1 (0.1 mol/L) and NaOH 
(0.1 mol/L); the corresponding data were listed in Tables 1 
and 2, respectively. As shown in the two tables, the values of 
oxidation peak currents increased greatly with the increase of 
solution pH or the ionization of acid. And then there was no 
electrochemical response of diclofenac sodium in alkaline 
aqueous lacking the presence of enough protons. In the same 
way, the value of peak current obtained in KC1 was not 
satisfying. It is found that the peak current became the highest in 
0.1 mol/L HC10 4 and the voltammogram shape was well 
defined, but the stability of modified electrode was not good 
owing to the strong oxidation ability of HC10 4 . In other strong 
acid electrolytes, bad stability could be found too. When the 
buffer solution pH is smaller than 5.0, the determination results 
become unsteady. Although the oxidation of diclofenac sodium 
involved proton transfer, too many protons would not benefit 
the electrode process. Considering the data in Tables 1 and 2, 
sodium acetate-acetic acid buffer solution (pH 5.0) is the 
most suitable electrolyte for the electrochemical detection of 
diclofenac sodium. 


Table 2 

Effects of different acids and alkalis or neutral salt solution on the oxidation of 
5.0x 10“ 5 mol/L diclofenac sodium (n> 10) 


HC10 4 
(0.1 mol/L) 

h 2 so 4 

(0.5 mol/L) 

HC1 

(0.1 mol/L) 

HAc 

(0.1 mol/L) 

KC1 

(0.1 mol/L) 

NaOH 
(0.1 mol/L) 

70.65 

28.92 

52.49 

16.41 

4.09 

- 


Accumulation time is 60 s. Scan rate: 100 mV/s. 



Fig. 5. Influences of accumulation time on the peak current of 5.0 x 10” 5 mol/L 
diclofenac sodium at MWNTs-DHP film-coated GCE in 0.1 mol/L sodium 
acetate-acetic acid buffer solution (pH 5.0). 

3.4. Adsorption properties of MWNTs 

3.4.1. Influences of accumulation potential and time 

The accumulation time significantly affects the oxidation 
peak current of 5.0 x 10” 5 mol/L diclofenac sodium as shown in 
Fig. 5 through changing its surface concentration on MWNTs- 
DHP composite film electrode. The oxidation peak current is 
enhanced greatly with the increase of the accumulation time 
within the first 4 min and then it remained almost unchanged. It 
may be contributed to the saturated adsorption of diclofenac 
sodium on the MWNTs-DHP film-coated GCE surface. It is the 
adsorption accumulation that affects the oxidation peak current 
of diclofenac sodium. It comes to the conclusion that large 
specific surface area and unique structure of MWNTs bring on 
the great accumulation efficiency. The accumulation potential is 
also a major factor which affects the voltammetric response in 
comparison with the other accumulation condition, the open 
circuit potential. The effect of the accumulation potential on the 
peak current was evaluated. The oxidation peak current of 
5.0 x 10” 5 mol/L diclofenac sodium has greatly changed as the 
accumulation potential shifted from 0.40 V to -0.40 V (Fig. 6), 
suggesting that the accumulation potential has an apparent 
influence on the oxidation process of diclofenac sodium at the 
MWNTs-DHP film-coated GCE. The oxidation peak current 
gets to the maximum value at 0.00 V; moreover, this value is 
close to that obtained at open circuit. Maybe the negative and 
positive accumulation potentials would endow the modified 
electrode surface with different electric characteristics such as 
the net electric charge of the surface. The electric charge con¬ 
dition of the modified electrode surface would directly influence 
the adsorption and oxidation reaction of diclofenac sodium 
involving electron and proton transfer. So considering the value 
of oxidation peak current and the convenience of experimental 
operation an open circuit accumulation was optimal condition. 

3.4.2. Chronocoulometry 

The method of chronocoulometry was used to charac¬ 
terize the oxidation of 4.0 x 10 -4 mol/L diclofenac sodium at 
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Fig. 6. Influences of accumulation potential on the peak current of 
5.0x10” 5 mol/L diclofenac sodium at MWNTs-DHP film-coated GCE in 
0.1 mol/L sodium acetate-acetic acid buffer solution (pH 5.0). 

MWNTs-DHP film coated GCE in 0.1 mol/L sodium acetate- 
acetic acid buffer solution (pH 5.0) and to determine the dif¬ 
fusion coefficient D and Q ads according to the formula given by 
Anson [27]. 

q = 2«/v)cd'/v | /v/ 2 + a, + e ads - 

The results are depicted in Fig. 7. Where A is the surface area 
of the working electrode, C is the concentration of diclofenac 
sodium, D is the diffusion coefficient of diclofenac sodium, 
Q ads is the adsorption charge. Other symbols have their usual 
significances. In this work, A = 0.072 cm 2 , determined in 5 mM 
K 4 Fe(CN) 6 and 0.1 M KC1 solution, c=4xl0~ 4 mol/L, and 
slope is 7.4742 pC/s 1/2 . The same values of double-layer charge 
Q d i could be obtained in the absence and presence of diclofenac 
sodium at the same electrode. So after the subtraction of the 
background charge obtained in the absence of diclofenac 
sodium, which can eliminate the effect of double-layer charge 
Q d i in this experiment, the plots of Q against t in Fig. 7 are 
converted into the plots of Q against t l/2 . It is clear that the 
charges ( Q ) have linear relationships with the square roots of 
time ( t l/2 ) for the oxidation reaction (inset in Fig. 7). According 
to the integrated Cottrell equation, the number of electron in¬ 
volved in the oxidation of diclofenac sodium can be estimated 
from the slope of the plot of Q vs. t l/2 . On the assumption that 
the value of n is 1, it is calculated that the diffusion coefficient 
of diclofenac sodium in 0.1 mol/L sodium acetate-acetic acid 
buffer solution (pH 5.0) is 5.68 x 1(T 6 cm 2 /s. Q ads can be 
obtained by the difference of the intercepts of the plot of Q vs. 
t l/2 in the presence and absence of diclofenac sodium. Here Q ads 
is 24.7832 pC, according the equation Q ads =nFA , the value of 
Tis 3.57 x 1CT 9 mol/cm 2 . 

3.5. Mechanism for the oxidation of diclofenac sodium at 
MWNTs-DHP composite film 

The influences of solution pH on oxidation of diclofenac 
sodium were investigated by linear sweep voltammetry as 
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Fig. 7. Chronocoulometry of 4.0 x 10” 4 mol/L diclofenac sodium at MWNTs- 
DHP film coated GCE in 0.1 mol/L sodium acetate-acetic acid buffer solution 
(pH 5.0) (curve b). Curve a stands for that in the blank solution. The inset 
shows the linear relationship between the charges ( Q ) and the square roots of 
times (t V2 ) for the oxidation reaction (background subtracted). Initial potential 
0.55 V, final potential 0.80 V, and pulse width 9 s. 

shown in Fig. 8. In the range of pH from 2.1 to 7.0, the 
oxidation peak potential negatively shifts with the increasing of 
solution pH and obeys the equation: 

E v = 0.9086-0.0453pH(7? = 0.9999). 

The slope of 45.3 mV/pH was close to the theoretic value 
59 mV/pH, suggesting one electron and one proton transferred 
in the oxidation of diclofenac sodium. This value of the slope is 
smaller than 59 mV/pH, perhaps because of the influence of the 
protonation states of diclofenac sodium or the protonation of the 
water molecule coordinated to the target molecules. 

The effects of scan rate ( v ) on the oxidation current of 
diclofenac sodium were also examined. The peak current in¬ 
creased linearly with the increase of square root of scan rate that 



Fig. 8. Effects of solution pH on the peak potential of 5.0x10” 5 mol/L 
diclofenac sodium at MWNTs-DHP film-coated GCE in 0.1 mol/L phosphate 
buffer solution. 
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ranged from 0.025 to 0.30 V/s, and it can be expressed as 
follows: 

7 p (|xA) = 195.52u 1/2 -23.83(7? = 0.9971) 

This result shows that the electrode process is controlled by 
the diffusion step. With increase of scan rate, the relationship 
between the oxidation peak potential and scan rate is described 
by the following equation: 

E p = 0.03330 In v + 0.7939(7? = 0.9920) 

The results are described in Fig. 9. The slope indicates that 
the value of an a is 0.40, where a is the transfer coefficient and 
n a is the number of the electron transfer in the rate-determining 
step. On the base of above results, the n a is 1 then the value of a 
is calculated to be 0.4, which is reasonable for the most of 
irreversible electrode processes. 

Based on above discussions the oxidation process of diclofenac 
sodium is controlled by the diffusion step and one electron and 
one proton are involved in the reaction. 

3.6. Analysis applications 

3.6.1. Calibration and interferences 

The calibration curve for diclofenac sodium in 0.1 mol/L 
sodium acetate-acetic acid buffer solution (pH 5.0) at 
MWNTs-DHP coated GCE was established by LSV. The 
relationship between diclofenac sodium concentration and the 
oxidation peak current can be described with the following 
linear regression equations in the range of concentration from 
1.7 xlO” 7 to 2.5 xl0~ 6 mol/L and from 2.5 x 10” 6 to 
7.5 xlO” 5 mol/L, respectively: 

7p(pA) = 0.09590 + 6.228c(pM) R = 0.9996 

7p(pA) = 19.21 + 1.000c(pM) R = 0.9980. 

Under the optimized experiment conditions described above, 
a detection limit of 8.0x10” 8 mol/L diclofenac sodium was 



Fig. 9. Effects of scan rate on the peak potential of 5.0 x 10” 5 mol/L diclofenac 
sodium at MWNTs-DHP film-coated GCE in 0.1 mol/L sodium acetate-acetic 
acid buffer solution (pH 5.0). 


Table 3 

Determination of diclofenac sodium in diclofenac sodium enteric-coated tablets 
(n= 5) 


Sample no. 

Declared 

(mg/tablet) 

Detected by UV 
(mg/tablet) 

Detected by this 
method (mg/tablet) 

Recovery 

(%) 

1 

25 

25.24 

25.10 

100.6 

2 

25 

25.12 

24.86 

99.5 

3 

25 

24.92 

25.08 

100.9 

4 

25 

24.90 

24.81 

102.0 

5 

25 

25.08 

25.25 

99.3 


obtained with an accumulation for 4 min at open circuit. The 
relative standard deviation (RSD) of 2.96% for 10 times parallel 
detection of 1.0 x 10” 5 mol/L diclofenac sodium, and 2.10% for 
10 times detection at different electrodes were obtained, sug¬ 
gesting excellent reproducibility and repeatability of MWNTs- 
DHP modified GCE. Moreover, the stability of this modified 
electrode was tested in 0.1 mol/L sodium acetate-acetic acid 
buffer solution (pH 5.0) containing 1.0 x 10” 5 mol/L diclofenac 
sodium. The electrode response maintained at a level of about 
94.4% of the original after 20 days. This MWNTs-DHP film on 
GC electrode by simple cast could maintain its original con¬ 
dition without any desquamation phenomenon, suggesting a 
firm attachment of MWNTs-DHP film to glassy carbon 
electrode surface. 

3.6.2. Determination of diclofenac sodium in diclofenac 
sodium enteric-coated tablets 

The proposed method was applied to the determination of 
diclofenac sodium in diclofenac sodium enteric-coated tablets. 
The results are illustrated in Table 3. In this experiment, the 
concentration of diclofenac sodium was calculated using stan¬ 
dard additions method. The relative standard deviation (RSD) 
of each sample for 5 times parallel detection is less than 4.5%. 
In addition, the recovered ratio on the basis of this method was 
investigated and the value is between 99.3% and 102.0%. The 
recovered ratio indicates that the determination of diclofenac 
sodium using MWNTs-DHP film-coated GCE is effective and 
sensitive. At last, in order to estimate the feasibility, precision 
and efficiency of this method ultraviolet (UV)-visible absorp¬ 
tion spectroscopy was recorded to determine diclofenac sodium. 
The obtained results were compared with those by MWNTs- 
DHP film-coated GCE (Table 3). The consistence of the results 
showed that it is feasible and effective. 

4. Conclusion 

MWNTs have large specific surface area and strong ad¬ 
sorptive properties providing more reaction sites. MWNTs- 
DHP film on the electrode surface is uniform and porous. 
Because of these characteristics the adsorption of diclofenac 
sodium to the electrode surface becomes easy. Correspondingly 
the concentration of diclofenac sodium at the electrode surface 
was enlarged. So the oxidation peak current of diclofenac so¬ 
dium was greatly enhanced at MWNTs-DHP film modified 
electrode. The electrode process was diffusion-controlled and 
totally irreversible following a step mechanism involving the 
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total loss of one electron and one proton. Thus the sensitivity for 
determination of diclofenac sodium increased markedly. The 
proposed method could be applied to the determination of 
diclofenac sodium in diclofenac sodium enteric-coated tablets. 
The results proved that it is feasible and effective. 
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